Background: Network analyses have been widely utilized to evaluate large datasets, but have not yet been used to explore factors associated with risk behaviours. In combination with traditional regression analysis, network analyses may provide useful information and highlight key factors for reducing needle sharing behaviours among people who inject drugs (PWID). Methods: Sociodemographic data, and information on injection behaviour and sexual practices were collected from a cross-sectional survey that was conducted with PWID in five prefectures of Yunnan province, China. A combination of logistic regression and correlation network analyses were used to explore key factors for reducing needle-sharing behaviours among PWID.
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Background
Bordering north-eastern Myanmar, northern Laos, and northern Vietnam, Yunnan is a region that plays a crucial role in the transmission of blood borne infectious diseases in the Lancang-Mekong subregion. According to recent studies, drugs produced in the 'Golden Triangle' region, which consists of eastern Myanmar, western Laos, and northern Thailand, are exported from Myanmar to Yunnan [1] . Along this drug route, subtypes B and C of the human immunodeficiency virus type 1 (HIV-1) are transmitted; subtypes B, C, and B/C recombinants are transmitted through the northwest of China, particularly through the Xinjiang province [1] [2] [3] [4] . Studies have also shown that the circulating form of HIV, CRF01_AE, was introduced into Yunnan from northern Vietnam, likely through cross-border commercial sexual activities [5] . In 2012, a study showed that unique recombinant forms of HIV-1 were transmitted to Myanmar from Yunnan in the early 1990s [6] . These findings suggest that Yunnan may be a 'transfer station' of multidirectional transmission of HIV between China and its bordering countries.
People who inject drugs (PWID) are at a high risk of contracting blood borne diseases, and needle-sharing behaviours are believed to be the main route of transmission. The percentage of those who share needles among PWID ranges from 16 to 76 % in different countries, and is approximately 37 % in some countries [7] [8] [9] [10] [11] . Therefore, higher rates of needle or paraphernalia sharing can lead to an increased prevalence of blood borne diseases, including HIV, and hepatitis B and C virus infections [12, 13] . Although sharing of injecting equipment has been shown among PWID in Yunnan, there is a lack of up-to-date data in this field. As blood borne virus prevalence can be an indicator of needle and syringe sharing, a new evaluation of HIV prevalence in this population can be used as a measure of levels of needle and syringe sharing. Furthermore, reliable data on factors associated with needle and syringe sharing among PWID in Yunnan are scarce. Accurate information in this field is crucial for developing effective harm reduction strategies, reducing needle and syringe sharing among PWID, and lowering the disease burden of blood borne viruses.
Most previous studies have used traditional methods (including logistic regression) to investigate factors associated with needle and syringe sharing, and findings of these studies have contributed greatly to reducing needle-sharing behaviours among PWID. However, the interaction between each factor cannot be explored by traditional methods. Network analysis, which has been widely utilized in larger datasets in fields such as public health, social sciences, international relations, and protein dynamics, has contributed greatly to dealing with large datasets [14] [15] [16] [17] . Network analyses can thoroughly and elegantly interpret large datasets into visual figures, show the inherent complexity of factor interactions, and explore the rate of influence that a given factor has in a correlation network. Therefore, using network analysis to analyse needle-sharing behaviours among PWID may provide useful information and highlight key factors for harm reduction programs.
In the present study, 1 049 PWID were recruited from Yunnan province in 2009; 20 sociodemographic and drug use behaviour factors were assessed. A combination of regression and network analyses was performed to evaluate needle-sharing characteristics, examine the possible predictors of needle sharing, compare the influence of each factor on PWID who partake and do not partake in needle-sharing behaviours, and explore key factors necessary for reducing needle-sharing behaviours.
Methods

Study participants and data collection
From March to December 2009, a cross-sectional survey was conducted with drug users from urban detoxification centres in the Dehong, Baoshan, Lincang, Qujing, and Zhaotong prefectures of Yunnan province, China (see Fig. 1 ). Once written informed consent was obtained, anonymous questionnaire-based interviews were conducted. The collected data included baseline sociodemographic characteristics, information on drug use and sexual behaviours, and whether the respondent was diagnosed with HIV and/or other infectious diseases (see Table 1 ). Only those who met the following criteria were selected as study subjects: 1) had a history of intravenous drug use, and 2) answered all the questions in the questionnaire (see Fig. 1 ).
Five milliliters of venous blood was collected from each study subject using vacutainer tubes containing EDTA-2 K. Blood samples were centrifuged and serum was stored at −80°C in the freezer until HIV antibody testing was performed. The HIV serostatus was assessed using a diagnostic kit for antibody to HIV (1 + 2) (Colloidal Gold) (Alere Medical Co., Ltd, Chiba, Japan), and those who tested positive were confirmed using a diagnostic kit for antibodies to HIV (1 + 2) (enzyme-linked immunosorbent assay) (Wantai Medical Co., Ltd, Beijing, China), according to the manufacturers' instructions.
All the data obtained from the questionnaires and previous laboratory tests were used in the following analyses. To explore the key factors for reducing needlesharing behaviors among PWID, participants were divided into two subgroups: those who had never shared needles were allocated to the never sharing needles group (NSNG) and those who had a history of needle sharing were allocated to the sharing needles group (SNG) (see Fig. 1 ).
Regression analyses
To compare the differences between PWID in different groups (NSNG and SNG), Student's t-tests (two-tailed) were used for the factor of age and Mann-Whitney U tests (two-tailed) were used for the factors of gender, ethnicity, occupation, marital status, and education level.
A univariate logistic regression analysis was conducted to compare the percentage of those PWID who shared needles between the NSNG and the SNG. Variates with P-values less than 0.05 were included in the multivariate logistic regression model to explore independent predictors of needle sharing.
All analyses mentioned above were performed using the statistical software Statistical Package for Social Sciences (SPSS, version 22.0, IBM corporation, Armonk, USA) and a P-value of <0.05 was considered statistically significant.
Network analyses
The correlation coefficient between each factor was calculated using SPSS v22.0, and network analyses of the NSNG and the SNG were performed using Cytoscapev 2.8.3 (http://www.cytoscape.org/) [18, 19] . Based on correlation coefficients above 0.1 or below −0.1, and Pvalues less than 0.05, a network of correlation profiles consisting of the connections between each risk factor were generated, with nodes corresponding to risk factors and edges to pairs of risk factors that were significantly correlated. Network statistics that were used to describe global and local network properties were calculated and edges were treated as undirected as they represent mutual interactions. The calculation of global network properties contained the number of nodes and edges, the average number of neighbours, the network diameter, density, centralization, heterogeneity, clustering coefficient, and the characteristic path length. The calculation of local network properties contained the betweenness centralities (BCs) and closeness centralities (CCs) of each node. Random network statistics were also calculated from 1 000 randomly generated networks that had the same number of nodes and edges as the empirical networks, and were randomly assembled using the Erdös-Rényi model networks. Network module identification was performed using the MCODE v1.3 plugin for Cytoscape [20] .
Results
Sociodemographic characteristics of study participants
Initially, 2 048 drug users were recruited from the Dehong, Baoshan, Lincang, Qujing, and Zhaotong prefectures in Yunnan. Among them, 1 797 were PWID, but only 1 049 successfully completed the questionnaire (see Fig. 1 ). Most of the participants were male (97.0 %), of the Han ethnicity (81.2 %), aged between 20 and 40 years (88.1 %), and had school experience (93.6 %). Out of all the participants, 18.7 % were HIV seropositive and 15.3 % self-reported to have other infectious diseases, including hepatitis A, B, or C; tuberculosis; and/or malaria (see Table 1 ).
Among the 1 049 PWID, 37.5 % (n = 393) had a history of needle sharing. Among these, 13.2 % (n = 52) shared needles with those known to be HIV seropositive. No differences were observed between the NSNG and the SNG in terms of age (30.77 ± 7.17 versus 30.95 ± 6.93; P =0.349), gender (P = 0.543), or marital status (P=0.230). Compared to PWID with a needlesharing history, those without a needle-sharing history were more likely to be of the Han ethnicity, have full-time jobs, and be highly educated (P < 0.01).
Factors associated with needle sharing
Because such a high percentage of needle sharing among PWID was observed, a univariate logistic regression analysis was conducted to compare the different percentage of PWID who partake in needlesharing behaviours between different substratification of each factor (see Table 1 ). Results showed that needle sharing was not significantly correlated with age, gender, or marital status of a drug user, however, the PWID who were jobless, belonged to a minor ethnicity, had a low education, and lived in Myanmar-bordering prefectures (Dehong and Lincang) had a greater tendency toward needle-sharing behaviours. A longer duration and greater frequency of drug abuse/injection increased the possibility of sharing needles. Moreover, PWID who combined injecting drugs with oral intake, bought needles from hospital, drugstore or other resources, or reused needles were found to share needles more often. In addition, use of diazepam and heroin facilitated needle sharing, while using other drugs did not. Lastly, PWID who had been diagnosed with sexually transmitted diseases (STDs), HIV, or other infectious diseases (hepatitis, tuberculosis, and/or malaria) were more likely to share needles, suggesting that sharing needles might transmit blood borne diseases. All 15 factors related to needle sharing were included in the multivariate logistic regression analysis (see Table 1 ). Of these, living in Zhaotong, Qujing, Dehong or Lincang, using diazepam, injecting for a long time, reusing needles often, and being HIV positive and having other infectious diseases, such as hepatitis, tuberculosis, and/or malaria, were found to be independently associated with needle sharing. These results showed that the factors affecting needle-sharing behaviours were mainly due to drug use behaviours rather than sociodemographic factors, verifying that contracting blood borne diseases (e.g. HIV, viral hepatitis) might be the main consequence of needle sharing.
The global and local properties of correlation networks of PWID in the NSNG and the SNG Correlation networks that integrated sociodemographic, drug use, and sexual/infectious disease factors among NSNG and SNG were constructed (see Fig. 2 ). To determine whether the network statistics observed in the empirical correlation networks of both the NSNG and the SNG deviated from random connectivity and not observed by chance, the clustering coefficient and characteristic path length of the empirical correlation networks were compared to those of the Erdös-Rényi model of random networks (see Table 2 ). Results showed that both were significantly larger than those of the random networks (P < 0.01), indicating that the empirical correlation networks were all structured to non-random features.
In the correlation network of the SNG, the number of sexual partners was negatively correlated with residence, age, duration of drug abuse/injection, and HIV serostatus, indicating that long-term, frequent drug use might inhibit sexual desire, and that the predominant route of HIV transmission among PWID could be needle sharing (through blood).
The module in the correlation network of the NSNG and the SNG consisted of four and seven hub nodes, respectively, which were involved in many interactions and represented functionally important factors. Changes in hub nodes could affect the most nodes in their vicinity, as well as the whole structure of the correlation network.
In comparison to the NSNG, the network size, average number of neighbours, network density, and network clustering coefficient of the SNG were larger, while the network heterogeneity was lower (see Table 2 ), indicating that the correlation among each risk factor in the SNG was higher. In addition, as the diameter of the correlation network in both groups was equal, the characteristic path length of the correlation network of the SNG was lower. Changes in each risk factor could permeate the whole correlation network more quickly in the SNG by minimizing the transition time between the interactions of each factor. Paired with higher network centralization, a lower characteristic path length implied that the resilient ability of changes in the network of the SNG was also lower. Overall, these results suggest that the global properties of correlation networks vary between the NSNG and the SNG, and that harm reduction measures aimed at the SNG could achieve goals in a more rapid and durable manner.
Comparative analyses of the correlation networks revealed substantial differences in global network properties, but could not provide a comprehensive understanding of the impact of a given node in the correlation network. Therefore, BCs and CCs were calculated to quantify the topological importance of a given node (see Table 3 ). Residence, duration of drug injection, other drug use, age, and ethnicity were above average for BCs and CCs for all nodes in the NSNG and the SNG, while method of drug intake, drug use frequency per day, and source of syringe were only above average for BCs and CCs in the NSNG, and HIV serostatus and marital status were only above average for BCs and CCs in the SNG. Among them, the factors of residence and other drug use had the highest BCs and CCs in the NSNG and the SNG, respectively, indicating that these factors had a stronger influence over the correlation networks than the other nodes, and that changes in their characteristics could permeate the correlation network more quickly. These results were also found intuitively in the correlation networks.
Key factors for reducing needle-sharing behaviours
Based on the regression analysis, six factors were found to be independently associated with needle sharing. From the network analysis, seven factors were above average for BCs and CCs for all nodes in the SNG and eight in the NSNG. All factors, a total of 12, could be targets for harm reduction measures. As these 12 factorassociated PWID would almost covered the entire population of PWID, it's difficult to taking measures among this group.
To narrow down the key factors for reducing needlesharing behaviours among PWID, combined network and regression analyses were conducted. It was elucidated that taking measures aimed at the SNG would achieve goals quicker and more successfully. The BCs and CCs of HIV serostatus and marital status were above average only in the SNG;HIV seropositivity was found to be associated with needle sharing behaviours, while any Fig. 2 The correlation network and network modules of PWID who did not have (a, c) and who had (b, d) a history of needle sharing. Yellow, green, and red codes correspond to sociodemographic, drug use, and sexual/infectious disease factors, respectively. Red and blue edges correspond to positive and negative relations between each factor subcategory of marital status (unmarried, married, cohabitated, divorced, or widowed) was not.
In summary, HIV seropositivity is a unique factor that is associated with needle sharing and has a strong effect only on PWID who partake in needle-sharing behaviours. Therefore, those who are HIV seropositive would be the ideal target group for harm reduction programs.
Discussion
Research on needle-sharing behaviours has been conducted across different provinces of China, and consequent findings have contributed tremendously to the development of successful harm-reduction programs. From January to April 2001, J. T. Lau et al. [21] administered a survey of 262 drug users in Shenzhen, Guangdong province, and found that 60.6 % of males and 45.3 % of females among PWID shared needles with others. From August 2003 to June 2004, Dick Chamla et al. [22] conducted a survey of 266 PWID in Chengdu, Sichuan, and found that 38.72 % had shared needles with their partners. In the present study, we systematically reported the characteristics of needle-sharing behaviours among PWID in the Yunnan province. Although the total prevalence of needle sharing in Yunnan was not [23] . Based on our results, six factors were found to be independently associated with needle sharing. The results did not significantly differ from those of previous studies, though larger numbers of participants and factors were taken into consideration.
By comparing the correlation networks of PWID in the NSNG and the SNG, we found that programs that attempt to reform the behaviours of PWID who partake in needle-sharing behaviours might be more successful than for PWID who do not partake in needle-sharing behaviours. Further, by calculating the BCs and CCs for each node of the NSNG and the SNG, we found that HIV serostatus and marital status have a strong effect on PWID in the SNG, making it possible to distinguish PWID who partake in needle-sharing behaviours from those who do not. Finally, by combining network analysis with regression analysis, HIV seropositivity was found to be a unique factor that had a strong effect only on PWID in the SNG, and was significantly associated with needle sharing. All these findings drew a clearer picture for harm reduction programs: taking actions aimed at PWID who are HIV seropositive may work better to reduce needlesharing behaviours across all groups of PWID.
According to a study by M. Vazirian et al. [24] , shared use of needles or syringes was significantly lower among PWID who received an estimated ≥7 syringes per week than those who did not [2.9 % versus 35.1 %; adjusted odds ratio (OR) = 14.36, 95 % confidence interval (CI) 2.30-89.56]. In China, the prevalence of HIV among PWID was approximately 10.9 % by 2011 (compared to 18.7 % in the present study), meaning that the HIV seropositive group was a relatively smaller group [25] . Therefore, focusing on PWID who are HIV seropositive can ensure that this group receives clean needles, especially in locations that cannot afford to distribute needles to all PWID. Free antiviral drugs are available in healthcare centres in China and HIV seropositive patients can receive them voluntarily, making it more convenient to provide PWID who are HIV seropositive with clean needles. This study had several limitations. First, a timeframe was not applied to address PWID who most recently partook in drug injection and needle-sharing behaviours, influencing the timeliness of this study. Second, characteristics of harm reduction were not included in the questionnaire. Third, using hepatitis C virus as a predictor of a blood borne disease may have been better than using HIV, as the seroprevalence of hepatitis C is much higher than HIV among PWID. Despite these limitations, this study had evaluated the needle-sharing characteristics among PWID in Yunnan, and could provide useful information for the following harm reduction programs.
Conclusions
In summary, based on a cross-sectional survey, we found that the percentage of those who shared needles among PWID in Yunnan was as high as reported in previous studies in other provinces in China. By combining regression and network analyses, PWID who are HIV seropositive were found to be the ideal target group for taking measures to reduce needle-sharing behaviours among PWID.
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